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US 8,534,326 B2 
1. 

METERING PUMPASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Section 371 of International Applica 
tion No. PCT/EP2005/0141 13, filed Dec. 29, 2005, which 
was published in the German language on Jul. 13, 2006, under 
International Publication No. 2006/072445 A1, the disclo 
sure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The invention relates to a metering pump assembly for 
admixing a fluid reduction agent in an exhaust gas flow. 

With auto-igniting internal combustion engines, nitrous 
oxides arise on operation with excess oxygen, which is the 
case in the majority of operating conditions, and specifically 
with direct injection into the main combustion space, as is 
typically the case with diesel motors. It is known to Supply a 
reduction catalyser to the exhaust gas flow, in order to reduce 
these nitrous oxide emissions. Usually, an aqueous urea solu 
tion as a reduction agent is Supplied to the exhaust gas in a 
finely distributed manner before entry into the catalyser. 
Thereby, the Supplied urea quantity is to be matched as 
exactly as possible to the combustion process, in order to 
ensure an as complete as possible reduction within the cataly 
ser, and on the other hand to avoid an excess of urea. 
A special metering pump for metering and Supplying the 

reduction agent to the exhaust gas flow is known from EP 1 
435.458A1. With this metering pump, the supplied reduction 
agent is mixed or Subjected to pressurized air in the metering 
pump assembly before the Supply to the exhaust gas flow. 
Because ureatends to crystallize in combination with air, it is 
important to flush the complete region which comes into 
contact with the air and urea, with air, before the stoppage of 
the installation, so that no urea remains in this region. For this, 
a 3/2-way valve is provided in the metering pump according 
to EP 1 435 458 A1, which in a first position leads urea into a 
conduit section which is connected to a pressurized air con 
duit for impinging the urea with pressurized air. In a second 
position, the 3/2-way valve is Switched such that no urea gets 
into the mentioned conduit section, but pressurized air is 
supplied via a second entry of the 3/2-way valve, so that the 
conduit section in which the urea is Subjected to pressurized 
air, is flushed out with pressurized air. In this manner, one may 
prevent a crystallization of the urea in the conduit section. 
The construction of the metering pump assembly accord 

ing to EP 1 435 458A1 is quite complicated on account of the 
valve required for the flushing. Furthermore, the operation of 
the metering pump assembly is made more complicated, 
since the flushing of the installation part coming into contact 
with air and urea must be ensured every time when Switching 
off. However, for reasons of cost and for reasons of opera 
tional reliability, it is desirable to simplify the construction 
and operation of the metering pump assembly. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore the object of the invention to provide an 
improved metering pump assembly for admixing a fluid 
reduction agent into an exhaust gas flow, which is constructed 
in a simple and less expensive manner, and permits a more 
simple operation. 
A metering pump assembly achieves this object with the 

features specified in claim 1. Preferred embodiments are to be 
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2 
deduced from the associated dependent claims, the Subse 
quent description as well as the figures. 
The metering pump assembly according to the invention 

which is provided for admixing a fluid reduction agent (e.g. 
urea) into an exhaust gas flow, comprises a premixing device 
in which, in a mixing region, the Supplied reduction agent 
delivered by a metering pump is mixed with a pressurized gas. 
The metering pump delivers the reduction agent from a tank, 
wherein the metering pump delivers a controllable reduction 
agent quantity adapted to the momentary combustion process 
in the motor. For example, the metering pump may be 
designed as a membrane- or piston pump, wherein the deliv 
ered reduction agent quantity may be set by the number of 
pump strokes and/or the stroke speed. The premixing element 
is designed such that in a feed for the reduction agent, a first 
return valve is arranged in the flow direction in front of the 
actual mixing region. This return valve prevents pressurized 
gas and in particular pressurized air from being able to pen 
etrate into the pressure conduit via which the reduction agent 
is delivered to the mixing region. It is thus ensured that the 
reduction agent conduit which lies in front of the mixing 
region in the flow direction is kept free of pressurized gas or 
pressurized air, so that one may securely prevent a crystalli 
Zation of the reduction agent, in particular urea, in this region. 
The reduction agent only comes into contact with the pres 
surized gas behind the return valve in the flow direction, i.e. in 
the mixing region and from this further downstream to an 
injection nozzle for injecting the pressurized gas/reduction 
agent mixture into the exhaust gas flow. Since pressurized air 
is Supplied to the mixing region in any case, this region in 
which the reduction agent may come into contact the pres 
surized gas, may always be automatically flushed through by 
the pressurized gas on cutting off the Supply of the reduction 
agent, so that no residues of the reduction agent which may 
crystallize, may remain in this region. 
The inventive arrangement of the return valve in the reduc 

tion agent conduit in front of the mixing region thus renders 
the additional flushing procedure on switching off the meter 
ing pump assembly Superfluous. Furthermore, no additional 
valves are required in the metering pump assembly, in order to 
initiate such a flushing procedure. Thus, the construction as 
well as the operation of the metering pump assembly are 
considerably simplified and one achieves a large operational 
reliability. 
The mixing of pressurized gas and reduction agent in the 

context of the invention is not only to be understood as a 
homogeneous mixing with which the reduction agentis finely 
distributed in the pressurized gas. Rather, the mixing may also 
be effected Such that in each case larger quantities of the 
reduction agent are delivered by the pressurized gas, i.e. for 
example reduction agent drops, and pressurized gas are deliv 
ered in an alternating manner in the conduit, and the final 
homogenous mixing is not effected until when injecting into 
the exhaust gas flow. 
The first return valve is particularly preferably arranged 

directly adjacent the mixing region, in which the reduction 
agent is mixed with the pressurized gas. This means that the 
Supplied pressurized gas flows preferably through the com 
plete region behind the return valve in the flow direction, so 
that on Switching off the Supply of reduction agent, this region 
may be completely flushed by the pressurized gas, and no 
reduction agent residues remain in this region. For this, the 
Supply of pressurized gas to the mixing region is preferably 
designed Such that the pressurized gas flows directly onto and 
over the outlet side of the return valve, wherein by way of 
closing the return valve, one prevents pressured gas from 
being able to penetrate into the Supply of reduction agent. 
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Particularly preferably, the first return valve is an integral 
constituent of a mixing chamber delimiting the mixing 
region. Thereby, the return valve preferably forms a part of a 
wall of the mixing chamber, into which the pressurized gas is 
introduced for mixing with the reduction agent. The return 
valve is thus integrated into the component defining the mix 
ing chamber, so that it may be directly adjacent the mixing 
region. 

For this, the mixing chamber preferably comprises an entry 
opening for the reduction agent, which is closed by the first 
return valve. Thus the closure element of the return valve 
preferably simultaneously forms a part of the inner wall of the 
mixing chamber. Pressurized gas introduced into the mixing 
chamber may thus flow over the exit side of the return valve, 
in order to be able to flush reduction agent located there, with 
the pressurized gas flow, out of the metering pump assembly 
via the injection nozzle into the exhaust gas flow. 
The Supply conduits of the reduction agent and of the 

pressurized gas to the mixing region are particularly prefer 
ably arranged concentrically to one another. For example, the 
reduction agent may be Supplied through a central Supply 
conduit and the pressurized gas flows through an annular 
channel Surrounding the central Supply conduit, into the mix 
ing chamber. With Such an arrangement, not only may one 
achieve a uniform mixing, but also one may blow the mixing 
chamber completely free of reduction agent, when the pres 
Surized gas is led into the mixing chamber concentrically 
around the return valve. Preferably, the pressurized gas flows 
over the complete inner wall of the mixing chamber, so that 
reduction agent residue which sticks there may be flushed out. 
The entry opening for the reduction agent is further pref 

erably formed centrally in an end-side of the mixing chamber. 
For example, the mixing chamber may be designed in a cylin 
drical manner, and the entry opening for the reduction agent 
may be formed by an end-side or be arranged in an end-side 
of the mixing chamber. The cylindrical design of the mixing 
chamber is particularly advantageous with a concentric Sup 
ply of the pressurized gas and reduction agent, since the 
pressurized gas may be led along the inner wall of the mixing 
chamber. 
The mixing chamber preferably comprises a peripheral 

wall, in particular a cylindrical peripheral wall, in which entry 
openings for the pressurized gas are formed. Thereby, the 
entry openings are preferably arranged distributed over the 
whole periphery, preferably arranged distributed in a uniform 
manner, so that a uniform Supply of the pressurized gas into 
all regions of the mixing chamber is ensured. By way of this, 
one succeeds in the complete mixing chamber being freed of 
reduction agent residues on Switching of the Supply of reduc 
tion agent. 

The return valve may for example be designed such that an 
end-side of the preferably cylindrical mixing chamber is 
designed in a funnel-like manner, wherein a plate-like closure 
element of the first return valve is arranged in the funnel. An 
annular inflow of the reduction agent into the mixing chamber 
along the walls of the mixing chamber is achieved by way of 
this construction, so that a uniform mixing with the Supplied 
pressurized gas may be ensured. Furthermore, the closure 
element with the surrounding wall in the closed condition 
forms a largely smooth inner wall, over which inflowing 
pressurized gas may flow in a uniform manner, in order to 
flush away reduction agent residues. 
The first return valve in the reduction agent supply conduit 

preferably comprises a spring element which retains the 
return valve in a closed position, wherein the return valve may 
be moved into an opened position by the fluid pressure of the 
reduction agent against the force of the spring element. It is 
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4 
ensured by way of the spring biasing of the first return valve, 
that the return valve is always kept closed when no reduction 
agent is pumped to the mixing chamber by the metering 
pump, in order to prevent a penetration of the compressed gas 
into the reduction agent conduit or reduction agent Supply 
conduit. The closure of the return valve is thus not effected or 
at least not solely effected by the pressure of the compressed 
gas, but by the spring element which biases the return valve 
into its closed position. Furthermore, by way of this arrange 
ment, one may cause the return valve only to open at a pre 
defined fluid pressure in the reduction agent Supply conduit, 
by which means a defined Supply of reduction agent to the 
mixing chamber may be ensured. The biasing in the context of 
a spring element may also be achieved by way of other Suit 
able elastic elements. 

According to a further preferred embodiment, the premix 
ing device comprises a second return valve in a Supply con 
duit for the pressurized gas. This return valve prevents reduc 
tion agent from getting into the pressurized air Supply conduit 
on Switching off the Supply of pressurized air, or with a 
reduction of the pressure in the pressurized gas Supply con 
duit. Preferably, this second return valve is also arranged 
directly on a mixing chamber or the mixing region in which 
the mixing of reduction agent and pressurized gas is effected. 
Thereby, the second return valve may also be an integral 
component of the premixing device or of the mixing chamber 
delimiting the mixing region. Furthermore, the second return 
valve is also biased such that it is kept closed in its idle 
position. This may be effected by spring elements or other 
elastic elements. 

Preferably, the second return valve is formed by an elastic 
sealing element which may be brought to sealingly bear on a 
wall of the Supply conduit for the pressurized gas. In the 
closed position, the elastic Sealing element bears on the wall, 
so that no reduction agent or reduction-agent/pressurized-gas 
mixture may flow back into the pressurized gas Supply con 
duit. In the opened condition, the sealing element lifts from 
the wall and releases the flow passage for the pressurized gas. 

Thereby, the sealing element is sealingly held on the wall of 
the Supply conduit, preferably by way of biasing, and may be 
moved by the pressure of the pressurized gas acting in the 
flow direction towards the mixing region, into an opened 
position distanced from the wall. It is ensured by way of this 
arrangement that the sealing element of the second return 
valve in the idle condition is always in the closed condition, so 
that no reduction agent may penetrate into the pressurized gas 
conduit. Only when the pressure of the pressurized gas has 
reached a value which exceeds the biasing force of the sealing 
element, does the sealing element open and the pressurized 
gas may then flow into the mixing region of the mixing 
chamber, wherein then it is ensured by way of the gas flow 
itself, that no reduction agent may flow back into the pressur 
ized gas conduit. 

Further preferably, the wall of the pressurized gas supply 
conduit is a preferably cylindrical outer wall of a component 
containing the mixing region and the first return valve. This 
component forms the mixing chamber. The sealing element 
of the second return valve may thereby be formed as an 
annular component which comes to bear with the outer wall, 
for example also a shoulder or a defined bearing region of the 
outer wall. Given an opened second return valve, the pressur 
ized gas then flows over the outer wall of the component or of 
the mixing chamber, so that the pressurized gas may be Sup 
plied to the mixing chamber in an annular flow. The concen 
tric Supply of pressurized gas and reduction agent to the 
mixing chamber may be effected in this manner. 
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The sealing element of the second return valve is further 
preferably designed as an annular sleeve which extends in the 
flow direction of the pressurized gas inclined toward the wall. 
Thereby, the sleeve is formed of an elastic material, and is 
preferably designed Such that the biasing of the elastic mate 
rial retains the sleeve bearing on the wall. In the flow direc 
tion, the pressurized gas given an adequately high pressure 
may lift the sleeve from the wall, wherein this sleeve expands 
slightly, and the pressurized gas may flow along the wall to 
the mixing region. In the reverse direction however, the 
inclined geometry of the sleeve has the effect that the sleeve is 
pressed against the wall by the pressure and thus the return 
valve is closed, so that no reduction agent or agent-gas/reduc 
tion-agent gas mixture may flow back into the pressurized gas 
conduit. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The foregoing Summary, as well as the following detailed 
description of the invention, will be better understood when 
read in conjunction with the appended drawings. For the 
purpose of illustrating the invention, there are shown in the 
drawings embodiments which are presently preferred. It 
should be understood, however, that the invention is not lim 
ited to the precise arrangements and instrumentalities shown. 

In the drawings: 
FIG. 1 is a circuit diagram of the hydraulic components of 

an metering pump assembly according to the invention; 
FIG. 2 is a sectioned cut-out, the premixing device of a 

metering pump assembly according to FIG. 1; 
FIG. 3 is a separate sectioned view, the premixing device 

according to FIG. 2 with closed return valves; 
FIG. 4 shows the premixing device according to FIG. 3, 

with an opened return valve for the pressurized gas Supply: 
and 

FIG. 5 is the premixing device according to FIGS. 3 and 4 
with an opened return valve for the reduction agent Supply, 
and an opened return valve for the pressurized gas Supply. 

DETAILED DESCRIPTION OF THE INVENTION 

Firstly, the basic function of one embodiment example of a 
metering pump assembly according to the invention is 
described by way of the circuit diagram in FIG. 1. 
The main item of the metering pump assembly is a meter 

ing pump 2 which is designed as a membrane pump, with an 
associated drive. The quantity of the reduction agent deliv 
ered by the metering pump 2 may be set by way of the control 
of the pump, and in particular the control of the number of 
pump strokes, in order to be able to adapt the reduction agent 
quantity exactly to the demand on account of currently run 
ning combustion process in the motor. An aqueous urea solu 
tion is preferably used as a reduction agent. The reduction 
agent is kept ready in a reduction agent tank 4, out of which it 
is suctioned via a Suction conduit 5 by the metering pump 2. 
In the known manner, in each case a return valve 6 is arranged 
in front of and behind the metering pump 2 in the shown 
example, and these valves are an essential constituent of the 
membrane pump. Thus the return valve 6 which is situated in 
front of the pump in the flow direction ensures that the reduc 
tion agent is not delivered back into the reduction agent tank 
4 given a pump stroke. The return valve 6 which lies down 
stream of the metering pump 2 in the flow direction con 
versely ensures that with a Suctioning, only reduction agent is 
Suctioned out of the reduction agent tank 4, and is not suc 
tioned back out of the pressure conduit. 
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6 
A return conduit 10 branches at a branching point 8 down 

stream of the metering pump 2 and the second return valve 6, 
and leads back to the reduction agent tank 4 and serves for 
bleeding the system on starting operation of the metering 
pump 2. 
An interruption- or shut-off valve 12 is arranged in the 

return conduit 10, by way of which the return conduit 10 may 
be closed, so that no reduction agent may flow back through 
the return conduit 10 to the reduction agent tank 4. In the idle 
condition shown, the shut-off valve 12 is located in the 
opened condition, in which the return conduit 10 is released. 
A pressure sensor 14 which detects the fluid pressure in front 
of the shut-off valve 12 and thus downstream of the metering 
pump 2 in the pressure conduit 16, is arranged in the return 
conduit 10 upstream of the shut-off valve 12 and downstream 
of the branching point 8. 
The pressure conduit 16 leads from the metering pump 2 

via the branching point 8 to the mixing region or the mixing 
chamber 18, to a device means in which the reduction agent is 
impinged or mixed with pressurized gas, in this case pressur 
ized air. A return valve 20 which by way of biasing, for 
example a spring, is held in the shown idle position in a closed 
position and prevents a return flow of reduction agent, and in 
particular of pressurized gas from the mixing region 18 into 
the pressure conduit 16, is arranged directly in front of the 
mixing region 18 in the pressure conduit 16, i.e. at the end of 
the pressure conduit 16. A conduit 22 which leads to the 
injection nozzle in the exhaust gas system of the motor 
vehicle connects downstream of the mixing region 18 in the 
flow direction. 
The pressurized air used in this example as pressurized gas 

is prepared by a pressurized air Supply 24 of the motor 
vehicle. Such pressurized air Supply systems are usually 
present in lorries, in particular for actuating the brakes. The 
shown metering pump assembly is connected to this central 
pressurized gas Supply 24, wherein the metering pump 
assembly at the entry side comprises a Solenoid or magnet 
valve 26 which selectively connects the pressured air conduit 
28 which leads to the mixing region 18, to the pressurized air 
supply 24 or opens it to the atmosphere 30. The electrically 
actuated magnet valve 26 is biased such that it is held in its 
idle condition in the shown position, in which the pressurized 
air conduit 28 is open to the atmosphere 30. 

In the pressurized air conduit 28, a pressure regulator 32 is 
arranged downstream of the magnet valve 26 in the flow 
direction, and a throttle 34 is arranged downstream of this 
pressure regulator. 
The pressurized air conduit at the mixing chamber or the 

mixing region 18 ends in a return valve 36, which is biased 
such that it is closed in the shown idle condition and may be 
opened against its biasing by the pressure acting in the pres 
surized air conduit 28. It is thus ensured that the return valve 
36 is always closed when no pressurized air flows out of the 
pressurized air conduit 28 into the mixing chamber 18, so that 
no reduction agent from the mixing region 18 may penetrate 
into the pressurized air conduit 28. 
The shut-off valve 12 in the return conduit 10 is actuated by 

pressurized air and is connected to the pressurized air conduit 
28 via an actuation conduit 38, wherein the actuation conduit 
38 is in connection with the pressurized air conduit 28 
between the pressure regulator 32 and the throttle 34. The 
actuation conduit 38 ensures that when the magnet valve 26 is 
switched over, so that the pressurized air conduit 28 is in 
connection with the pressured air Supply 24, the actuation 
conduit 38 is also set under pressure. The air pressure pre 
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vailing in the actuation conduit 38 then effects a switch-over 
of the shut-off valve 12 against its biasing, so that the return 
conduit 10 is closed. 
The previously described elements which lie within the 

boundary indicated in FIG. 1 by dashed lines D, i.e. in par 
ticular the metering pump 2, the shut-off valve 12, the magnet 
valve 26, the mixing point 18, the return valves and the 
conduits connecting these components, are all integrated in 
the metering pump assembly, so that the metering pump 
assembly, apart from the electrical connections, has only four 
fluid connections to the outside, specifically for connection to 
the pressurized air Supply 24, for connection of the conduit 22 
leading to the injection noZZle, for the connection of the 
Suction conduit 5 leading to the reduction agent tank 4, and 
for connection of the return conduit 10 to the reduction agent 
tank 4. 
On starting operation of the system, the magnet valve 26 

firstly remains in its closed, idle condition (shown position), 
in which the pressurized air conduit 28 is separated from the 
compressed air Supply 24. Firstly, the metering pump 2 is set 
into operation, which Suctions reduction agent out of the 
reduction agent tank 4 via the Suction conduit 5. The biasing 
of the return valve 20 in the shown, closed position, is selected 
such that the pressure in the pressure conduit 16 is not suffi 
cient to open the return valve against the biasing, given an 
open return conduit 10. 

Since no pressure prevails in the pressurized air conduit 28 
at first, the actuation conduit 38 is also firstly without pres 
sure, so that the shut-off valve 12 remains in its opened, idle 
position and the return conduit 10 is opened. In this manner, 
the metering pump 2 firstly delivers reduction agent from the 
reduction agent tank 4 and via the branching point 8 through 
the return conduit 10 back into the reduction agent tank 4. 
This serves for bleeding the system on starting operation, i.e. 
of firstly ensuring that the pressure conduit 16 is completely 
filled with reduction agent. 
When the pressure conduit 16 and the return conduit 10 are 

completely filled with reduction agent, the fluid pressure in 
the pressure conduit 16 and in the return conduit 10 upstream 
of the shut-off valve 12 reaches a certain limit value, which is 
detected by the pressure sensor 14. When this limit value is 
detected by the pressure sensor 14, a control switches over the 
magnet valve 26, so that the pressurized air conduit 28 is 
Supplied with pressurized air via the pressurized air Supply 24 
of the lorry. The actuation conduit 38 is also impinged with 
pressure by way of this, by which means the shut-off valve 12 
is Switched over against the spring biasing, and the return 
conduit 10 is closed in this manner. Since the pressure conduit 
16 is no longer open to the reduction agent tank 4 via the 
return conduit 10, the fluid pressure on further operation of 
the metering pump 2 increases in the pressure conduit 16 to 
Such an extent, that the pressure is enough to open the return 
valve 20 against its spring biasing, so that the reduction agent 
may flow into the mixing region 18 and there is impinged with 
pressurized air from the pressurized air conduit 28. Pressur 
ized air and reduction agent then together flow through the 
conduit 22 to an injection nozzle in the exhaust gas conduit of 
the lorry. 

The quantity of Supplied reduction agent may be set on 
operation, via the number of pump strokes of the metering 
pump. The pressurized air flow through the pressurized air 
conduits 28 into the mixing region 18 is thereby constant. 

If the installation is taken out of operation, in particular 
when turning the vehicle off, firstly the metering pump 2 is 
Switched off. So that reduction agent is no longer delivered 
from the reduction agent tank 4. By way of this, the pressure 
in the pressure conduit 16 reduces to such an extent that the 
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8 
return valve 20 closes due to its biasing, and prevents further 
reduction agent from penetrating into the mixing region 18. 
Since the magnet valve 26 at first continues to be open, 
pressurized air continues to flow through the return valve 36 
into the mixing region 18 and there flushes out the remainder 
of the reduction agent which is still present there, via the 
conduit 22. 
When the magnet valve 26 is closed by switching off the 

Supply of current, the pressurized air flow through the pres 
surized air conduit 28 and the return valve 36 is also cut off, 
so that the whole system is stopped in operation. In this 
condition, the shut-off valve 12 Switches back into its idle 
condition again, i.e. the return conduit 10 is opened. 

It is ensured by way of the arrangement of the return valve 
20, that no air from the mixing chamber or the mixing region 
18 may penetrate into the pressure conduit 16. Thus a crys 
tallization of the reduction agent in the pressure conduit 16 
may be prevented. Since furthermore, the mixing region 18 is 
automatically flushed on account of the constant pressurized 
airflow after Switching off the metering pump 2, one may also 
prevent a crystallization of reduction agent in the mixing 
region 18 and in the conduit 22 which connects to this. 
The pressure sensor 14 which preferably emits an electrical 

signal, apart from detecting the complete bleeding of the 
pressure conduit 16, also serves for recognizing further unde 
sirable operating conditions. Thus a blocked return conduit 
10 may be recognized by the pressure sensor 14, specifically 
when, given an opened shut-off valve 12, the pressure 
exceeds a predefined limit value which may normally not 
occur given an opened return conduit 10. Furthermore, the 
pressure sensor 14 may also detect that the injection nozzle in 
the exhaust gas conduit of the vehicle is blocked. Then spe 
cifically, the pressure in the pressure conduit 16 given an 
opened magnet valve 26 likewise increases beyond a pre 
defined limit value, which may not normally occur when the 
injection nozzle is functioning in a correct manner. Further 
more, one may also detect that the reduction agent tank 4 is 
empty via the pressure sensor 14. Then, specifically on opera 
tion, the pressure in the pressure conduit 16 reduces below a 
predefined limit value which may not normally occur in nor 
mal operation given a closed return conduit 10. 

Hereinafter, an exemplary construction of the premixing 
device consisting essentially of the mixing region 18 and the 
return valves 20 and 36 is described by way of FIGS. 2 to 5. 

FIG. 2 shows a sectioned view of the premixing device 39 
in a condition installed in a pump head. The pump head is 
formed essentially by a central plate 40 and an end-plate 42 
which bears on this, wherein flow channels are formed, and 
the premixing device 39 arranged between the plates 40 and 
42. 
The conduit 22 in the end-plate 42 is designed as a connec 

tion, to which a fluid conduit which leads to an injection 
nozzle in the exhaust gas system of the vehicle, may be 
connected. The pressure conduit 16 as well as the pressurized 
air conduit 28 in the form of channels in the surface and 
through-holes connecting thereto, are formed in the central 
plate 40. 
The premixing device furthermore, as a central compo 

nent, comprises a cylindrical bush 44 with a cylindrical outer 
wall 46. A necking 48 is formed in the inside of the bush 44. 
and this necking divides the inner space of the bush 44 into 
two parts. The first part of the inner space, proceeding from 
the necking 48, widens in a funnel-like manner towards the 
first end-side 50 of the bush 44. This region is the actual 
mixing region 18 or the mixing chamber 18 of the premixing 
device 39. Recesses or openings 52 are formed in the periph 
eral wall of the mixing region 18 distributed uniformly over 
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the periphery, and these serve as entry openings for the pres 
Surized air. The opening Surrounded by the necking 48, in the 
inside of the bush 44, serves as an entry opening for the 
reduction agent into the mixing region 18. This region is 
closed by a piston 54 with an O-ring 56 applied into a periph 
eral groove. Thereby, the O-ring 56, as shown in the FIGS. 3 
and 4, may come to bear on the funnel-like inner wall of this 
mixing region 19 in the inside of the bush 44, in a sealing 
a. 

The piston 54 extends with a piston rod 55 through the 
necking 48 into the second region in the inside of the bush 44. 
to the second end-side 58 which is distant to the first end-side 
50. A compression spring which is supported with a first end 
on the necking 46, is arranged in the second part of the inner 
space of the bush 44. The opposite end of the compression 
spring 60 which is designed as a helical spring, bears on a 
guide bush 62 surrounding the piston rod 55, on a shoulder 
facing the necking 48. The guide bush 62 guides the piston 
rod and thus the piston 54 in the inside of the bush 44, in that 
it bears on the inner wall of the bush 44. The guide bush 62 is 
Supported via a spring ring 64 on the longitudinal end of the 
piston rod 55 which is distant to the piston 54. Thus the 
compression spring 60 presses the piston rod 55 in the direc 
tion of the second end-side 58 of the bush 40, so that the piston 
54 with the O-ring 56 is pressed against the funnel-like or 
conical inner wall of the mixing region 18. In this manner, the 
piston 54 which forms the return valve 20 in FIG. 1, is held in 
its idle position in the closed condition, as is shown in the 
FIGS. 3 and 4. 
The guide bush 62 on its outer periphery comprises longi 

tudinal grooves 66 (not shown in the FIGS. 3 to 5), by way of 
which reduction agent may flow through the pressure conduit 
16 into the inside of the bush 44 to the necking 48. One 
prevents the reduction agent from being able to flow past the 
bush 44 at the outside, by way of the O-ring 68 surrounding 
the bush 44 at the outside. In the inserted condition, the O-ring 
68 seals the outer wall of the bush 44 to the inner wall of a 
recess, in which the bush 44 is arranged in the central plate 40. 
The fluid pressure in the pressure conduit 16 in the inside of 

the bush 44 acts on the piston 54 in the direction of the 
longitudinal axis of the piston rod 55. With an adequately 
high fluid pressure in the pressure conduit 16, the force acting 
due to the pressure on the piston 54 exceeds the spring force 
of the compression spring 60, so that the piston 54 with the 
piston rod 55 is displaced in the direction of the first end-side 
50 of the bush 44, and the piston 54 with the O-ring 56 lifts 
from the conical inner wall of the mixing region 18, as shown 
in the FIGS. 2 and 5. Thus, an annular gap between the piston 
54 or the O-ring 56 and the surrounding inner wall of the bush 
44 or of the mixing region 18 arises, through which the 
reduction agent may flow into the mixing region 18. 
The second return valve 36 of the premixing device 39 is 

formed by an annular elastic collar 70 which is clamped 
between the central plate 40 and the end-plate 42. Thereby, in 
particular a thickened region 71 on the outer periphery of the 
collar 70 comes to bear on the central plate 40 as well as the 
end-plate 42, so that the compressed air from the pressurized 
air conduit 28 may not flow past the outer periphery of the 
collar 70. 
The collar 70 on its inner periphery is extended in a bush 

like manner in the axial direction towards the end-side 50 of 
the bush 44, so that a sleeve 72 is formed. This sleeve 72 
extends in a slightly conically inclined manner to the outer 
wall 46 of the bush 44, and comes to bear on this with its free 
terminal end. Thereby, the sleeve 72 or the collar 70 are 
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10 
formed in an elastic manner, such that the collar 70 in its idle 
position is sealingly held on the outer wall 46 of the bush 44 
as is shown in FIGS. 2 and 3. 

If pressurized air is introduced into the pressurized air 
conduit 28, the pressurized air in the central plate 40 firstly at 
the outer periphery 46 flows around the complete bush 44. 
since the recess accommodating the bush 44, in the central 
plate 40, is formed larger in the region distant to the pressure 
conduit 16 than the outer diameter of the bush 44. The com 
pressed air then flows into the region between the collar 72 of 
the sleeve 70, and the outer wall 46 of the bush 44, wherein the 
collar is pressed away from the outer wall of the bush 46 by 
the air pressure, so that an annular gap 74 arises between the 
outer wall 46 and the inner periphery of the sleeve 70 or of the 
collar 72, through which the compressed air may flow into the 
recess 76 in which the bush 44 is arranged in the end-plate 42. 
The pressurized air then flows from the recess 46 through the 
recesses or openings 52 into the mixing region 18 and from 
there, together with the Supplied reduction agent, through the 
conduit or the connection 22 further to the injection nozzle in 
the exhaust gas system. 
When the Supply of pressurized gas in the pressurized gas 

conduit 28 is switched off, the sleeve 72 with its collar 70 on 
account of its elasticity again sealingly bears on the outer wall 
46 of the bush 44. On account of the sleeve 72 of the collar 70 
projecting into the recess 76, one further Succeeds in a greater 
pressure in the recess 76 pressing the bush-like extension or 
the sleeve 72 of the collar 70 even more strongly against the 
outer wall 46, and thus securely closing the return valve 36. 
The recesses or openings 52 are designed such that they 

extend in the longitudinal direction of the bush 44 up to the 
outer side of the piston 54. Furthermore, recesses 52 are 
shaped such that they widen towards the inside of the bush 44. 
i.e. towards the mixing region 18. By way of this, one Suc 
ceeds in pressurized air which flows through the recesses 52 
into the mixing region 18, completely flowing over the whole 
mixing region 18 at its inner wall and in particular also the 
outer side of the piston 54, so that reduction agent residues 
may be completely flushed out of the mixing region 18. 

It will be appreciated by those skilled in the art that changes 
could be made to the embodiments described above without 
departing from the broad inventive concept thereof. It is 
understood, therefore, that this invention is not limited to the 
particular embodiments disclosed, but it is intended to cover 
modifications within the spirit and scope of the present inven 
tion as defined by the appended claims. 

The invention claimed is: 
1. A metering pump assembly for admixing a fluid reduc 

tion agent into an exhaust gas flow, comprising: 
a premixing device that includes: 

a mixing chamber having: 
a peripheral wall in which entry openings for pressur 

ized gas are formed, 
a mixing region in which the Supplied reduction agent 

is mixed with the pressurized gas, and 
an entry opening for the reduction agent, formed cen 

trally in an end-side of the mixing chamber, 
a first check valve arranged in the premixing device in a 

Supply conduit for the reduction agent, in front of and 
directly adjacent the mixing region in the flow direc 
tion, and wherein the entry opening of the reduction 
agent is closed by the first check valve, and 

wherein the entry openings for the pressurized gas are 
configured to Supply a flow of the pressurized gas onto 
and over an outlet side of the first check valve. 
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2. A metering pump assembly according to claim 1, 
wherein the first check valve is an integral component of the 
mixing chamber delimiting the mixing region. 

3. A metering pump assembly according to claim 1, further 
comprising a Supply conduit for the pressurized gas that 
includes a second return Valve upstream from a first return 
valve in the flow direction of the pressurized gas. 

4. A metering pump assembly according to claim 3, 
wherein the Supply conduits of the reduction agent and of the 
pressurized gas to the mixing region are arranged concentri 
cally to one another. 

5. A metering pump assembly according to claim 4. 
wherein an end-side of the mixing chamber is designed in a 
funnel-like manner, wherein a plate-like closure element of 
the first check valve is arranged in a funnel. 

6. A metering pump assembly according to claim 4. 
wherein a first return valve is held in a closed position by a 
spring element, and may be moved into an opened position by 
way of the fluid pressure of the reduction agent against the 
force of the spring element. 

7. A metering pump assembly according to claim 3, 
wherein a second check valve is formed by an elastic sealing 
element, which may be brought to sealingly bear on a wall of 
the Supply conduit. 

8. A metering pump assembly according to claim 7. 
wherein the sealing element is sealingly held on the wall of 
the Supply conduit by way of biasing, and may be moved into 
an opened position distanced to the wall by way of the pres 
Sure of the pressurized gas acting in the flow direction towards 
the mixing region, against the biasing. 

9. A metering pump assembly according to claim 7. 
wherein the wall is a generally cylindrical, outer wall of a 
component containing the mixing region and the first check 
valve. 

10. A metering pump assembly according to claim 9. 
wherein the sealing element of the second check valve is 
designed as an annular sleeve which extends in the flow 
direction of the pressurized gas inclined towards the wall. 

11. A metering pump assembly according to claim 7. 
wherein the second check includes a collar having a sleeve 
about an inner periphery of the collar that extends in the axial 
direction. 

12. A metering pump assembly according to claim 11, 
wherein the sleeve extends conically from the collar. 

13. A metering pump assembly according to claim 7. 
wherein the second check valve circumscribes the wall of the 
Supply conduit. 

14. A metering pump assembly for admixing a fluid reduc 
tion agent into an exhaust gas flow, comprising: 
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a premixing device that includes: 

a mixing chamber having: 
a peripheral wall in which entry openings are formed 

to direct a flow of pressurized gas radially inwardly 
onto and over an outlet side of a first check valve 
within the mixing chamber, and 

a mixing region in which the Supplied reduction agent 
is mixed with the pressurized gas, and 

an entry opening for the reduction agent, formed cen 
trally in an end-side of the mixing chamber, 

wherein the first check valve is arranged in the pre 
mixing device in a Supply conduit for the reduction 
agent, in front of and directly adjacent the mixing 
region in the flow direction, and wherein the entry 
opening of the reduction agent is closed by the first 
check valve, and 

a Supply conduit for the pressurized gas that includes a 
second check valve upstream from the first check 
valve in the flow direction of the pressurized gas and 
wherein the Supply conduit is configured to Supply the 
flow of the pressurized gas through the entry openings 
of the peripheral wall of the mixing chamber onto and 
over an outlet side of the first check valve. 

15. A metering pump assembly for admixing a fluid reduc 
tion agent into an exhaust gas flow, comprising: 

a central plate; 
an end-plate having a surface; and 
a premixing device positioned between the central plate 

and the end-plate, the premixing device including: 
a mixing chamber having: 

a mixing region in which the Supplied reduction agent 
is mixed with a pressurized gas, 

a peripheral wall in which entry openings for the 
pressurized gas are formed, the peripheral wall 
being adjacent the Surface of the end-plate to direct 
a flow of the pressurized gas radially inwardly onto 
and over an outlet side of a first check valve, and 

an entry opening for the reduction agent, formed cen 
trally in an end-side of the mixing chamber, 

wherein the first check valve is arranged in the pre 
mixing device in a Supply conduit for the reduction 
agent, in front of and directly adjacent the mixing 
region in the flow direction, and wherein the entry 
opening of the reduction agent is closed by the first 
check valve, and 

a Supply conduit for the pressurized gas that includes 
a second return valve upstream from a first return 
valve in the flow direction of the pressurized gas 
and wherein the Supply conduit is configured to 
Supply a flow of the pressurized gas to the entry 
openings of the peripheral wall. 

k k k k k 


